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Background	  
•  Manabe	  and	  Stouffer	  etc…	  	  
	  	  	  	  	  water	  “hosing”	  

•  Arc$c	  freshwater	  exports	  

•  Would	  like	  to	  know	  “sensi$vity	  of	  climate	  to	  fresh-‐water	  
sources	  (land,	  arc$c	  sea-‐ice)”?	  



Sensi$vity	  of	  what?	  
•  MOC	  –	  clearly	  very	  important,	  but	  many	  people	  except	  

oceanographers	  are	  unsure	  what	  this	  is!	  Plus,	  we	  (along	  with	  lots	  of	  others)	  
are	  already	  working	  on	  it	  with	  OpenAD	  –	  we	  wanted	  to	  test	  something	  else!	  

•  Air-‐sea	  heat/moisture	  flux	  –	  this	  is	  what	  really	  sets	  the	  	  
	  	  	  	  	  	  weather,	  as	  seen	  for	  example	  by	  palm	  trees	  in	  Ireland.	  MOC	  plays	  	  

	  	  	  	  	  	  an	  important	  role	  in	  what	  Qs	  are,	  but	  direct	  	  connec$on	  is	  the	  Qs.	  	  

Ini$al	  step.	  Look	  at	  sensi$vity	  of	  north-‐eastern	  North	  Atlan$c	  SST	  in	  
coarse	  (four	  degree),	  non-‐coupled,	  lat-‐lon	  (80S-‐80N)	  model.	  
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Useful	  for	  understanding	  but	  
can	  also	  be	  used	  as	  “guide”	  
for	  cube84	  etc…	  high-‐res	  
perturba;on	  tests.	  
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Setup	  (all	  available	  at	  hZp://mitgcm.org,	  www.mcs.anl.gov/OpenAD	  )	  

•  4	  degree	  ocean	  

•  Ini$alized	  from	  
climatology,	  “forced”	  with	  
monthly	  Lev	  (T,S),	  Tren	  
(Tx,Ty).	  

•  80S-‐80N.	  

SSH	  
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Running	  on	  beagle	  –	  (1)	  get	  from	  mitgcm	  cvs	  
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First	  sensi$vity	  test	  –	  (4574	  seconds	  later)	  
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Movies	  show	  sensi$vity	  to	  T,S	  pulse	  at	  t=-‐T1,T2	  etc..	  
Shows	  (i)	  fast	  kelvin	  waves,	  (ii)	  slower	  advec$ve	  and	  rossby	  
waves.	  Generally	  higher	  sensi$vity	  during	  winter	  (due	  to	  
capping	  of	  winter	  mixing).	  Zero	  sensi$vity	  in	  ice	  patches	  
during	  winter	  T=-‐1.9.	  	  Some	  areas	  freshening	  	  cooling,	  
others	  freshening	  	  warming.	  
What	  about	  sustained	  source	  rather	  than	  pulse?	  



Adding	  steady	  source	  
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Same	  J	  as	  before	  but	  add	  new	  
independent	  variable	  

Also	  J=f(SSS),	  	  planning	  J=f(tracer)	  	  together	  can	  separate	  buoyancy,	  advec$on	  etc...	  

Two	  regimes	  clearly	  visible	  (1)	  
freshening	  	  cool,	  (2)	  freshening	  
	  warm	  NE	  NATL	  SST	  
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Can’t	  quite	  do	  the	  
things	  indicated	  by	  the	  
arrows,	  but	  can	  
inves$gate	  useful	  
related	  ques$ons	  with	  
OpenAD	  e.g.	  
interes$ng	  dipole	  
sensi$vity.	  Examples	  
online	  at	  mitgcm.org.	  	  
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Comments	  on	  performance	  
•  Four	  degree	  test	  is	  90x40x15,	  single	  CPU.	  
– This	  	  is	  63%	  of	  the	  cells	  per	  CPU	  of	  cs510	  adjoint	  on	  
900	  CPU’s	  (adjoint	  setup	  for	  ECCO2). 	  	  

•  Wall-‐clock	  $me	  per	  adjoint	  step	  (7200	  steps)	  is	  
0.63	  secs	  (no	  ice,	  KPP,	  simple	  forcing,	  no	  Leith	  or	  Daru).	  

	  seems	  to	  imply	  wall-‐clock	  $me	  for	  fourteen	  
month	  sweep	  of	  cs510	  adjoint	  at	  1200	  sec	  $me	  
step	  (30240	  steps)	  between	  8-‐16	  hours?	  

“Many	  terms	  to	  add	  before	  can	  draw	  defini5ve	  conclusion.	  It	  will	  
get	  slower,	  nevertheless	  this	  is	  poten5ally	  a	  very	  good	  star,ng	  
point.”	  



Next	  steps	  

•  Finish	  current	  study.	  Natural	  FW	  bc’s,	  cube,	  robustness	  
to	  longer	  spinup,	  resolu$on,	  perturba$on	  experiment	  
valida$on.	  

•  Tracers,	  patched	  global	  grids	  (cube	  etc…),	  kpp,	  sea-‐ice.	  

•  Perturba$ons	  in	  cube84,	  llcNN,	  ….	  


